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© Spheroidal silica. 

© Porous spheroidal silica having a particle size in the 
range 1 to 400 microns, axial ratios of 1 :1 to 1 :12 has up to 50o/o 
by weight of the SI0 2 of Included material, such as for example 
perfumes, flavouring materials, pigments, germicides, bacte- 
ricides, fungicides, bleaching agents, skin benefit agents 
therapeutic agents, dispersed in the silica as particles or 
droplets in the size range 0.01 to 10um. The spheroids can be 
made by mixing together an aqueous, stabilised silica so! 
containing dispersed therein up to 50<K> by weight of the silica 
of an included material and an aqueous solution of a 
non-adsorbing polymer to form a phase separated system 
comprising siiica droplets containing included material in a 
polymer-rich continuous phase and condensing the silica sol to 
aggregate the droplets to form silica spheroids containing the 
dispersed included material. The included material can be 
released in use by eg. wetting, attrition, dissolution, pH change 
heating. 
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Description { 

SPHEROIDAL SIUCA 

This invention relates to the formation of spheroidal silica aggregates. More particularly the invention relates 
to novel spheroidal silica aggregates comprising included materials and a process for the production of such 
5 silica aggregates. 

In European Patent Application No 86309410.8 novel spheroidal silica aggregates are disclosed, which are 
generally rounded particles in the micron size range, for example in the range 1 to 400 microns. 

In this above-mentioned European patent application there is disclosed and claimed a process for the 
preparation of novel silica spheroids comprising mixing together under alkaline conditions an aqueous alkali 
10 stabilised silica sol and an aqueous solution of a non-adsorbing polymer to form a phase separated system 
comprising silica droplets in a polymer rich continuous aqueous phase and acidifying the system to aggregate 
the droplets to form the silica spheroids. 

it has now been found that certain other materials can be entrapped within the silica spheroids to form silica 
spheroids comprising included materials. 
15 The Included materials can be liquid or solid, organic or inorganic, or any mixture of these materials, but they 
must not induce visible aggregation of the silica sol. 

This invention provides a porous spheroidal silica having a particle size in the range 1 to 400 microns, axial 
ratios of 1:1 to 1:12, and up to 50<Vb by weight of the SI02 of included material dispersed In the silica as 
particles or droplets In the size range 0.01 to 10pjn. 
20 This Invention also provides a process for the preparation of the silica spheroids containing included 
materials comprising mixing together, an aqueous, stabilised silica sol containing, dispersed therein, up to 
50% by weight of the silica of an Included material and an aqueous solution of a non-adsorbing polymer to 
form a phase separated system comprising silica droplets containing Included material in a polymer-rich 
continuous phase and condensing the silica sol to aggregate the droplets to form the silica spheroids 
25 containing the dispersed included materia). 

The porous spheroidal silica preferably has a pore volume in the range 26 to 50% and a narrow pore size 
distribution in which more than 80% of the porosity is between 50 and 2000/o of the median pore diameter in 
the pore size range 20 to 1000 A. The references to pore volume and pore size of the spheroidal silica 
throughout the present specification relate to the dimensions of the porous silica in the absence of any 
30 included material. • 
The present invention can thus provide a means for carrying a material. Suitably the silica spheroids having 
the included material can be incorporated as a component in a composition. The silica spheroids are generally 
greater than one micron in diameter. « 
Examples of suitable Included materials include perfumes, flavouring materials, pigments, germicides, 
35 bactericides, fungicides, bleaching agents, skin benefit agents, other therapeutic agents and mixtures thereof. 
Examples of compositions having the present silica materials as components include anti-perspirant and 
deodorant type products and cleaning compositions. 

Suitably the included material comprises from 0.02 to 50% by weight of the silica more preferably 0.1 to 20% 
by weight of the silica. The actual amount will depend on the included material and the use to which it is 
40 intended to be put. Release of the material in use can be by any of a number of appropriate means e.g. wetting, 
attrition, dissolution, pH change, heating. 

Preferably the present process includes admixing the material to be Included with the silica sol prior to 
contact with the non-adsorbing polymer, suitably in the form of an emulsion In the presence of a surfactant. 
Silica sols useful in this invention are typified by Ludox HS 40 (E I Du Pont de Nemours & Co) and the 
45 preparation of such sols is described in, for example, US Patent Specification^ 801 902. Such sols can have a 
concentration between 1 /2°/o up to 55% by weight silica. In general, sol particle sizes of up to about 1000 A 
may be used. 

A preferred polymer concentration to induce phase separation is in the region 0.1 to 20% by weight In the 
mixture, more preferably in the region 2 to 20% by weight. The concentration of polymer Is in addition related 

50 to the concentration of silica and the Included material and the ionic type and concentration of electrolytes In 
the system. For example some electrolytes may be present in the original silica sol to control Its stability 
and/or colloid stabilisers such as surfactants may be present in order to control the stability of a dispersion of 
the material to be Included In the silica. 
The most preferred concentration cannot be expressed simply, since this is a complex function of the 

55 polymer type, charge and flexibility, the electrolyte type and concentration, the silica soi type and 
concentration and the included material. Generally however the weight ratio of silica sol to polymer in the 
mixed phase system will lie within the range 1:10 to 100:1, more specifically within the range 1:1 to 50:1. 

In carrying out the present process the silica sol can be stabilised under alkaline or acidic conditions. In 
practice the silica sol is more stable under alkaline conditions and this option is preferred. The possibility of 

60 performing the process using an acid stabilised silica sol can however be of value where the included material 
is Itself more stable under acid than alkaline conditions. Condensation of the silica sol, by which we mean the 
irreversible fusing together of separate particles of the silica sol to form discrete beads of material, occurs 
readily between pH 4 and 8 and is fastest at a pH of around 6. Condensation is negligable above about pH8, but 
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does however occur slowly over a period of time below about pH 4. Condensation of the silica sol can thus 
occur by acidifying an alkali stabilised silica sol, by raising the pH of an acid stabilised silica sol or by 
maintaining an acid stabilised silica sol under acidic conditions for a sufficient period of time for example at 
least 48 hours, optimally 72 hours. 

Thus in one embodiment of the present process the silica sol is alkali stabilised, the silica sol containing s 
dispersed therein the included material and the said polymer are mixed together under alkaline conditions and 
the silica sol is condensed by acidification. Suitably the sol and polymer solutions are mixed together at a pH in 
the range 8.0 to 1 0.5 and the silica sol is acidified by reducing the pH to between 4 and 8 In a stepwise manner. 
In another embodiment of the present process the silica sol is acid stabilised, the silica sol containing 
dispersed therein the included material and the said polymer are mixed together under acid conditions and the w 
silica sol is condensed by raising the pH of the sol. Suitably the silica sol and polymer solutions are mixed 
together at a pH between 0 and 4.0 and the silica sol is condensed by raising the pH to between 4 and 8. in yet 
another embodiment the silica sol is acid stabilised, the silica sol containing dispersed therein the included 
material and the said polymer are mixed together at a pH between 0 and 4.0 and the silica sol is condensed by 
maintaining the silica sol between 0 and 4.0. 15 

The preferred embodiment comprises use of alkali stabilised silica sol and mixing the silica sol and polymer 
solutions together at a pH in the range 8.0 to 1 0.5. The process of aggregation or gelation of the silica droplets 
and the material to be included is initiated by the addition to the system of a mineral acid such as sulphuric or 
hydrochloric acid, although other acids may alternatively be used. The amount of acid required to induce the 
gelation or aggregation is that required to reduce the pH of the mixture to below that of the stable silica sol 20 
generally to within the range pH 4 to 8, preferably In the range pH 5 to 8. A further reduction in pH may be 
desirable to enhance the recovery of the spheroids from the polymer solution to as low as pH 2. The various pH 
reductions required in the process affect the final state of the silica spheroids and, as will be seen in the 
examples, significant time spans are involved and stepwise additions of acid are preferred. 

Non-adsorbing polymers useful In the process are typically organic polymers. It is essential If phase 25 
separation is to be achieved that the polymer Is not adsorbed by silica at the pH of the system. Examples of 
polymers suitable for use with alkali stabilised silica sol include negatively charged polyelectrolytes including, 
for example, sodium dextran sulphate, sodium polyacrylate, sodium carboxymethyl cellulose and mixtures of 
such polyelectrolytes. Examples of polymers suitable for use with acid stabilised silica sol Include dextran 
polyacrylic acid and mixtures thereof. 1 ^ 

The most preferred concentration, of polymer can be obtained by the following procedure which, in addition, 
serves as a test procedure for selecting suitable polymers for the process. 

A polymer type and concentration is selected by preparing an aqueous polymer solution in the region of up 
to 20% w/w and adding this slowly to a mixed dispersion of a silica sol and the material to be included in the 
concentration region of 200/o w/w at an approximate pH 9 or pH 3 as appropriate, until the mixture just 35 
becomes appreciably more turbid. The mixture is allowed to mix thoroughly. If the turbidity decreases 
appreciably, more polymer is added until the mixture remains turbid after thorough mixing. The polymer 
concentration in the mixture would be in the region of 0.1 to 10% w/w and typically In the region 1 to 50/0 w/w 
based on the mixture. The phase separation state is confirmed by addition of an equal volume of water to the 
mixture which results In a dramatic decrease in turbidity, back to that of the order of the original silica sol and 40 
the included material. 

Higher polymer concentrations can be used, as long as reversibility is observed on dilution to below the 
above-determined concentration of polymer. Unsuitable polymer types, levels or molecular weights will not 
result in the above reversible phase separation. 

Undesirable Irreversible turbidity would be due to aggregation rather than phase separation and may be 45 
caused by: 

(i) excessive poiyelectrolyte or electrolyte; 

(ii) adsorbing rather than non-adsorbing polymers, eg cationic polyelectrolytes. 

The above process of phase separation is discussed In "Polymeric Stabilisation of Colloidal Dispersions" by 
Donald H Napper, Academic Press 1983, and is understood to occur by a depletion flocculation mechanism. 50 
Phase separation is, therefore, more readily achieved with polymers of high molecular weight and high anionic 
charge density. 

Certain anionic polymers such as xanthan gum, of very high molecular weight, will induce phase separation 
but because of their gelling characteristics are. difficult to handle and are, therefore, less desirable than, for 
example, sodium dextran sulphate. ^ 

The silica spheroids prepared according to the present invention generally have the size in the range 1 to 
400 microns, preferably in the range 1 to 200 microns. Sub-micron aggregates may be present as unwanted 
material at the end of the process. 

Embodiments of the present Invention will now be described by way of example oniy with reference to the 
following Examples. 60 

Example 1 

102 g of an emulsion, prepared by dispersing, using ultrasonics, 0.5 g of perfume (Givaudan SN 15557) in 
15.3 g of 10" Z M sodium dodecyl sulphate, was thoroughly mixed with 55.3g of a 30% w/w SI02 dispersion 
(Ludox HS40). This dispersion was added, with stirring, to 69.1 g of a 40/0 w/w polyacrylic acid solution the pH 65 
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of which had been adjusted to pH 9.6, and maintained dispersed by stirring. 

After one hour the pH of the system was reduced from 9.7 to 7.8 and then to 7.0 after a further hour. After24 { 
hours stirring was stopped and the dispersion was adjusted to pH2 and allowed to settle for 24 hours. The 
sediment was recovered and washed (four times) by redispersing in distilled water and leaving to settle for 24 
5 hours. 

Microscopic examination of the material showed it to consist of spheroidal silica particles of size up to 75um 
containing spherical droplets approximately 2ujn in diameter. A sample of silica spheroid slurry was allowed to 
dry at 60° C to a powder which had a low perfume odour. On rewetting with water an appreciable increase In 
perfume odour was observed. 

10 

Example 2 

9.5 g of a 1% w/w ultramarine blue dispersion (micronised) and 48.4 g of Ludox HS40 (41.2% w/w SiOa) 
were thoroughly mixed and added, with stirring, to 57 g of a 4<Vb w/w polyacrylic acid solution the pH of which 
had been adjusted to pH 9.6. The sample was maintained dispersed by stirring. 
15 After 2 hours the pH of the system was reduced from 9.7 to 7.8 and then to 7.0 after a further 2 hours. After a 
further 24 hours stirring was stopped and the sample allowed to settle. 

Microscopic examination of the sediment showed it to consist of spheroidal silica particles containing 
pigment particles within them. 

20 Example 3 

36 g of Ludox HS40 (41.2°/o w/w SiC>2) and 14 g of a cadmium alumlno silicate pigment (Green DC 1543) 
were thoroughly mixed and added, wfth stirring, to 50 g of a polyacrylic acid solution the pH of which had been 
adjusted to pH 9.6. The sample was maintained dispersed by stirring. 

After 2 hours the pH of the system was reduced from 9.7 to 7.8, and then to 72 after 2 hours and finally to 7.0 
25 after a further hour. After 24 hours stirring was stopped and the sample allowed to settle. 

Microscopic examination of the sediment showed it to consist of spheroidal silica particles with pigment 
particles contained within them. 

Example 4 

30 12.5 g of an emulsion, prepared by dispersing, using ultrasonics, 2.5 g of perfume (Grvaudan SN 15557) in 10 
g of a dispersion containing 5Wo w/w SIO2 (Ludox HS40) and 0.01 5Wo w/w cetyl trimethyl ammonium bromide, 
was dispersed into 37.5 g Ludox HS40 (41 .20/0 w/w Si02) . This dispersion was added, with stirring, to 50 g of a t 
4% w/w polyacrylic acid solution the pH of which had been adjusted to 9.6. The sample was maintained 
dispersed by stirring. 

35 After 2 hours the pH of the system was reduced from 9.7 to 7.8 and then to 7.0 after a further 2 hours and f 
finally to 2.3 after a further 72 hours. After 5 hours at pH 2.3 stirring was stopped and the sample allowed to 
settle. 

Microscopic examination of the sediment showed It to consist of spheroidal silica particles containing 
spherical droplets 2 to 5 um in diameter within them. A sample of the silica spheroid slurry was allowed to dry 
40 at 60° C to give a powder with a low perfume odour which was markedly Increased on rewetting with water. 

Example 5 

An emulsion was prepared by dispersing 0.5g of perfume (Vera 2 ex Flrmenich) in 15.3g of sodium dodecyl 
sulphate (10~ 2 M) using a sonic probe for 2 minutes. 10.2g of this emulsion was then thoroughly mixed with 55g 

45 of a 30<Vb w/w dispersion of silica (Ludox HS40). The resulting mixture was then added with stirring to a 4<Vb 
w/w solution of polyacrylic acid (BDH, molecular weight 230,000), the pH of which had been adjusted to 9.6 
with concentrated sodium hydroxide solution. This final mixture was stirred on a magnetic stirrer for about 3 
hours at room temperature and the pH was then adjusted to 8.1 using concentrated hydrochloric acid and the 
mixture stirred overnight. The pH was then reduced further to pH 7.0 and the mixture stirred gently for a further 

50 24 hours. 

The magnetic stirrer bar was removed and the mixture allowed to sediment. Supernatant liquid was 
discarded and replaced by an approximately equal volume of distilled water. The mixture was redispersed and 
allowed to sediment overnight This process was repeated twice more. 

Examination of the resulting sample under a microscope showed particles having a diameter of about 10 
55 microns. 

Example 6 

The procedure of Example 5 was repeated with the difference that the mixture was only stirred very gently 
following admixture of the perfume/sodium dodecyl sulphate/silica mixture with the polyacrylic acid solution 
60 and each of the two subsequent acidification steps. The relevant pH values at each step were 9.7, 8.0 and 7.0 
respectively. 

As in Example 5 the supernatant liquid was discarded and the product washed three times. The resulting 
particles had a size within the range of from about 10 to about 100 microns. 

65 
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Example 7 

The procedure of Example 6 was followed with the exception that the sodium dodecyl sulphate was 
employed at a lower concentration equivalent to 10-3M. The relevant pH values were 9.7 80 and 70 
respectively. The resulting particles had a diameter within the range of from about 10 to about 100 microns. 

Example 8 5 

The general procedure of Example 5 was followed. 10.2g of an emulsion, prepared by dispersing 25a of 
perfume (Vera 2 ex Firmenich) in 15.0g of 10-2 m sodium dodecyl sulphate using a sonic probe, was thoroughly 
mixed wtth 55 3g of a Wo w/w dispersion of silica (Ludox HS40). The resulting dispersion was added 2 

2£1" h* * *5 ^ P0,yaCry,IC BCid SO,Ution at " H 9 6 ■* intoned in a d+mEZK5 10 
stirring. After 2 hours the pH was reduced from 9.8 to 8.9 and after a further 2 hours to 81 

su £n« ^ e I«i h0UrS COn, ." 1Ued S,irrinfl ,ne pH *" reduced t0 70and **** contlnued*forafurther 
24 hours The stlmng was then stopped and the dispersion allowed to settle for 24 hours. The resulting 
sediment was recovered and washed four times by redisperslng in distilled water and leaving to settle for 24 
hours. The pH was reduced to 2.8. The final mixture was then filtered and left in the open air to dry thorough* " is 
The resulting product was spheroidal particles of silica containing droplets of perfume. orouflniy - 15 

Example 9 

An emulsion was prepared by dispersing using an ultrasonic probe 2.5g of a perfume (Vera 2 ex Firmenich) 
in 10a l of a dispersion containing 5% w/w silica (Ludox HS40) and 0.015<W) w/w cetyl trimethyl ammon urn 20 
bromide. This emulsion was then dispersed into 37.5g of a 41.2% w/w dispersion of silica (Ludox HS40) and 
the morturo added wtth stirring to 50g of a 4% w/w polyacrylic acid solution, the pH o which had been 
previously adjusted to 9.6 with a concentrated sodium hydroxide solution. 

The resulting mbcture i had a pH of 9.7 and was stirred gently on a magnetic stirrer for 4 hours. The pH was 
then reduced to 8.0 by the addition of concentrated hydrochloric acid and the stirring continued overnight The 2S 
pH was further reduced to 7.0 and stirring continued for 24 hours. The pH was then reduced to £3 and tS 
mature stirred overnight At this stage particles of diameter within the range of from about 10 to about 100 
microns were observed under a microscope. 

As in Example 5 the supernatant liquid was discarded and the product washed twice. 

Example 10 30 

The general procedure of Example 9 was followed. An emulsion was prepared by dispersing 3.5a Vera 2 ax 
Firmenich perfume fn 9g of a dispersion containing 5% w/w silica (Ludox HS40) and 0.015% w/w cetvl 
ttmethyl ammonium bromide using an ultrasonic probe. The resulting emulsion was dispersed into 37.5a of a 
412% w/w dtepereion of silica (Ludox HS40) and the mixture added with stirring to 50g of a 4% w w 35 
pdyacrytic acid soluMon. the pH of which had been previously adjusted to 9.9 with con^ntratedTodTum 

ioflfbv 2? TIIT T the " M gent>y on a ma 9 nettc 8,,rrer for «" h0 ^- ^e pH was then 
reduced to 8.8 by the addition of concentrated hydrochloric acid and to 8.0 2 hours later. Stirring was 
continued overnight. The pH was then reduced to 7.0 and stirring continued for a further 24 hours. The stirring 
was then stopped and the mixture was diluted with 100ml of distilled water. The pH was then reduced to 2.5 40 
and the mixture was left to settle for 2 hours. The aqueous phase was then decanted off end the mixture 
redlspersed. After an additional 2 hours the water was decanted off again and the mixture redlspersed The 
same washing procedure was repeated after a further 3 hours. The resulting mixture was filtered and left to air 

The resulting product consisted of spheroidal silica containing droplets of perfume. # 
Example 11 

The Procedure of Example 5 was followed with the exception that a 2.4% w/w solution of sodium 
(^oxymethylcellulose was employed in place of the polyacrylate solution. The complete mixture was Initially 
stirred for 2 hours and Its pH then reduced to 7.8. Stirring was continued for a further 2 houre. tepHtZ so 
reduced to 7.0 and stirring continued overnight. P * 

fromTS'S ^«^ h inn aS £ P ipS ° id ° r irTegU,ar a 9B re 9*es having a size with the range of 
from about 10 to about 100 microns could be seen under a microscope. 

Example 12 

Ludox HS40 dUre ^ EXamP ' e 1 1 "™ f0 " 0Wed With thB except,on Ludox SM silica was employed in place of 
lOOmiSons 01 s P herlcal aflgregates having a diameter of within the range of from about 10to about 

Example 13 60 

iTiSWSJ was fol,owed wtth the except,on that Vera 2 p - tan - — em p |0 ^ •» « 

The resulting particles had a size within the range of from about 10 to about 100 microns. 
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Example 14 

2.3^?rT^h2g E ^ P,e 13 *** adMM StGp * redUdng the flnal pH of the mlxture to 

The resulting particles had a size within the range of from about 10 to about 100 microns. 

Example 15 

JS^S^S^Z Xe' ,0Wed *" 8XCePti0n ** VOlat " e S " iCOne «~ 6mp ^ d - the 
Example 16 

t he A e °riS iV np e rZ ,P,e was ,Pf , t ormed which foll °wed the procedure of Example 1 4 with the exception that 
Sled ^ after the pH had been reduced t0 2- 3 ' ie a « er the silica spheroids had 



formed. 
IS Example 17 



A comparative example was performed which followed the procedure of Example 6 with the exceotion that 
forced Pem,me ^ 8dd8d 3fter PH had been reduced t0 ™' ie a « ar the -25SSSSS 

in^ a d n 2 l ^2i.^ amP if S } 6,7 i!' 13, U - 16and 17were ^ed In orderto assess the amount of perfume 
included in the silica particles. The results are given in Table I below. penume 



Table I 

Example Amount of perfume 

(w/w% w.r.t. silica) 
30 6 0.26 



7 
9 

13 



0.44 
6 



15 XJ 0.29 



14 
16 
17 



0.92 
0.01 



o 11 0.0 



JHLr°^ J* 6 " ^ m Table 1 thosa P rodu <*s I" which the perfume was incorporated within the silica 
TZZ SiS 9 a " re9a « on «* tha si,ica to form the spheroids had significantly higher leve s of TncludS 
sffiS sphSSdS C ° mparat,ve axam P ,es 16 «* 17 in *** the perfume was admixed with the ready forrned 

i Jit! ^i" 0 * 8 ^ 8 " 1 ^ 63 6 ' 13,14 «« 16 w s™ assessed subjectively on a score rating for their perfume 
levels. Each product was assessed both in the dry state and after having been admixed with i wate The STre 

d,d not know on testing vvhemer the product wa^ in a dry or wet state 9 The result^ 



6 



0 294 206 



Table II 

Example Dry Wet 



6 


6+10 


50+28 


13 


4+6 


66+29 


14 


4+6 


58+17 


16 


4+6 


29+21 



The score used increased with an increased detection of perfume. The results of Table II thus show that 
perfume was released from the products embodying the present invention (Examples 6, 13, 14) on wetting. 
There is a significant difference between the scores of the products on wetting between Examples 6, 13 and 14 
and the comparative Example 16. 

Example 18 

A suspension of diperoxydodecanoic acid (DPDA) in silica sol was prepared by reducing the pH of 33g 
Ludox HS-40 silica sol to 3.0 and adding 17g 40<Vb DPDA aqueous slurry with stirring. This suspension was 
added with gentle stirring to 150g of a 13.3»/o w/w solution of 2x10 6 molecular weight dextran, the pH of which 
had been previously adjusted to 3.0, and maintained dispersed by stirring for one hour. After an hour stirring 
was stopped, and the mixture was allowed to stand without stirring for 72 hours. The sediment was recovered 
and washed four times in 0.1 M hydrochloric acid by dispersing and settling. Microscopic examination of the 
material showed it to consist of spheroidal silica particles up to 1G0nm in size containing DPDA crystals having 
an average diameter within the range 1 to 5ujn. 

Example 19 

A suspension of diperoxydodecanoic acid (DPDA) in silica sol was prepared by reducing the pH of 33g 
Ludox HS-40 silica sol to 3.0 and adding 17g 40Vo DPDA aqueous slurry with stirring. This suspension was 
added with gentle stirring to 150g of a 150/o w/w solution of 2.3x10$ molecular weight polyacrylic acid, the pH of 
which had been previously adjusted to 3.0, and maintained dispersed by stirring for one hour. After an hour 
stirring was stopped, and the mixture was allowed to stand without stirring for 72 hours. The sediment was 
recovered and washed four times in 0.1 M hydrochloric acid by dispersing and settling. Microscopic 
examination of the material showed it to consist of spheroidal silica particles up to 100jim in size containing 
DPDA cyrstals having an average diameter within the range 1 to Sum 

Example 20 

An emulsion of perfume (Grvaudan SN 15557) was prepared by dispersing, using ultrasonic*, 10g perfume in 
a mixture of 33g Ludox HS-40 silica sol, 2g precipitated silica and 5g 10Vo w/w sodium dodecyl sulphate 
solution, the pH of which had previously been adjusted to 3.0. This emulsion was added with gentle stirring to 
150g 15<Vo w/w of 2.3x105 molecular weight polyacrylic acid solution, the pH of which had also been adjusted to 
3.0. After stirring for half an hour, stirring was stopped and the mixture allowed to stand for 72 hours. The 
sediment was recovered and washed four times by resuspending in distilled water and settling. Microscopic 
examination of the material showed it to consist of spheroidal silica particles up to 100um in size containing 
perfume droplets having a diameter In the range 1 to 5ujti. 

Example 21 

An emulsion of perfume (Givaudan SN 15557) was prepared by dispersing, using ultrasonics, 10g perfume In 
a mixture of 33g Ludox HS-40 silica sol, 2g precipitated silica and 5g 10Vo w/w sodium dodecyl sulphate 
solution, the pH of which had previously been adjusted to 3.0. This emulsion was added with gentle stirring to 
150g 13.30/0 w/w of 2x10* molecular weight dextran solution the pH of which had also been adjusted to 3.0 
After stirring for half an hour, stirring was stopped and the mixture allowed to stand for 72 hours. The sediment 
was recovered and washed four times by resuspending in distilled water and settling. Microscopic examination 
of the material showed it to consist of spheroidal silica particles up to lOOiim in size containing perfume 
droplets having a diameter in the range 1 to 5jim. 
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Claims 

5 

1. Porous spheroidal silica having a particle size in the range 1 to 400 microns, axial ratios of 1 ;1 to 1 :12, 
and up to 50% by weight of the Si02 of included material dispersed In the silica as particles or droplets In 
the size range 0.01 to 1 Oum. 
10 2. Porous spheroidal silica according to claim 1 having a particle size in the range 1 to 200 microns. 

3. Porous spheroidal silica according to claim 1 or claim 2 wherein the included material is selected 
from the group comprising perfumes, flavouring materials, pigments, germicides, bactericides, 
fungicides, bleaching agents, skin benefit agents, other therapeutic agents and mixtures thereof. 

4. Porous spheroidal silica according to any one of the preceding claims wherein the included material 
15 comprises from 0.02 to 500/o by weight of the silica. 

5. Porous spheroidal silica according to any one of the preceding claims wherein the silica has a pore 
volume in the range 26 to 50% and a narrow pore size distribution in which more than 8QO/0 of the porosity 
is between 50 and 200% of the median pore diameterin the pore size range 20 to 1000 A. 

6. A composition including as a component porous spheroidal silica according to any one of the 
20 preceding claims. 

7. Process for the preparation of porous silica spheroids containing included materials comprising 
mixing together an aqueous, stabilised silica sol containing dispersed therein up to 50% by weight of the 
silica of an included material and an aqueous solution of a non-adsorbing polymer to form a phase 
separated system comprising silica droplets containing included materia) in a polymer-rich continuous 

25 phase and condensing the silica sol to aggregate the droplets to form silica spheroids containing the 

dispersed included material. 

8. Process according to claim 7 wherein the silica sol is alkali stabilised, the said polymer and the silica 
sol containing dispersed therein the included material are mixed together under alkaline conditions and 
the silica sol is condensed by acidification. * 

30 9. Process according to claim 8 wherein the sol and polymer solutions are mixed together at a pH in the 

range 8.0 to 10.5. 

10 A process according to claim 8 or claim 9 wherein the silica sol is acidified by reducing the pH to 4 
between 4 and 8 in a stepwise manner. 

11. A process according to any one of claims 8 to 10 wherein the non-adsorbing polymer is selected 
35 from the group comprising sodium dextran sulphate, sodium polyacrylate, sodium carboxymethyl 

cellulose and mixtures thereof. 

12. Process according to claim 7 wherein the silica sol is acid stabilised, the said polymer and the silica 
soi containing dispersed therein the included material are mixed together under acid conditions and the 
silica sol is condensed by raising the pH of the sol. 

40 13. Process according to claim 12 wherein the silica sol and polymer solutions are mixed together at a 

pH between 0 and 4.0 and the silica sol is condensed by raising the pH to between 4.0 and 8.0. 
14. Process according to claim 7 wherein the silica sol is acid stabilised, the said polymer and the silica 

sol containing dispersed therein the included material are mixed together at a pH betwen -1 .0 and 4.0 and 

the silica sol is condensed by maintaining the silica sol between 0 and 4.0. 
45 15. Process according to any one of claims 12 to 14 wherein the non-adsorbing polymer Is selected from 

the group comprising dextran, poiyacrylic acid and mixtures thereof. 

16. A process according to any one of claims 7 to 15 wherein the polymer concentration to induce phase 
separation Is 0.1 to 20% by weight of the mixture. 

17. A process according to any one of claims 7 to 16 wherein the included material is selected from the 
50 group comprising perfumes, flavouring materials, pigments, germicides, bactericides, fungicides, 

bleaching agents, skin benefit agents, other therapeutic agents and mixtures thereof. 

18. A process according to any one of claims 7 to 17 including admixing the included material with the 
silica sol prior to contact with the non-adsorbing polymer. 

19. A process according to any one of the preceding claims including incorporating the porous 
55 spheroidal silica having the included material as a component in a composition. 
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